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Keck Interferometer

» 2 Keck 10m telescopes with full adaptive optics

« Wavelengths 1.2 um to 10 um
(AO operates in visible)

« Science: nulling, differential phase, astrometry,
Imaging
e First fringes with Keck Telescopes March, 2001

KECK INTERFEROMETER
PROJECT
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What | will talk about
* Interferometer (IF) Sequencer within overall software
e
-  What is the CASE Tool?
>
®) * Interferometer Major Components
0
LLI
o  Rhapsody and IF Sequencer Design
'I-'_J -  Static Class and Harel Statechart Diagrams
Z 5
v &I |+ Lessons Learned
T
XY Q
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Target/Observation Sequencing Hierarchy

Planning tools

_ Target list }‘/
GU| { Target List L
Commands
il Seguencer
T
elescope Interferometer T GUI
lsequencers Sequencer Commands
yy & status
Commands Commands
! & status & status
subsystem subsystem
SUDSystem SUDSysEem
sunsyﬁem SUTSy X
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Interferometer Sequencer

Provide high-level control for observing
— Send commands via CORBA to JPL RTC software
— Control Keck Telescope Sequencers via Keywords API

— Support Science modes: nulling, differential phase, astrometry,
imaging (multi-baseline)

State-machine classes running in separate
threads

Multi-mode Science Ops
— CPU Manager allows load, instantiate and desroy objects

— Utilized Rhapsody internal shared infrastructure for state
machine to state machine event passing

— Configurable from common RTC database
— New more flexible Python GUI using CORBA
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Component diagram of IF Sequencer
Configuration with JPL RTC Toolkit
: Em
Middleware and Sequencers Rea?let(ijrggd
(Telemetry and Configuration Servers) c | Sof
TelemetryServer |Telel t
LL] Telelmetry AL FringeTracker
2 <<Executable>> c CORBAd
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libCatalogFactory.so
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Rhapsody: What is the tool?

e Itis a CASE (Computer Aided Software
Engineering) Tool

* One uses UML (Unified Modeling Language) to
design object structures and state machines

e The tool generates C++ code from the UML

e Our main use of Rhapsody is to automatically
generate multi-threaded state machine code!

* One can specify state machine behavior for some
classes using UML style state machine diagrams
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Screens
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*Rhapsody in C++ by I-Logix Inc. - [Statechart of : ¥SquaredSubsystem]

not showing Rhapsody CASE Tool

State Machine or Object
Model Graphical Views

) File Edit WYiew Code Layout Tools Window ©Options Help

hea @@ ociw=n aaalE

|lEHrap:|am

~|ftargetsoLeRis =l H@ 3| B g |

EEDA:

&)
=)

% HelperClasses
% FS=ternal
El@ KRTC_Sequencers
EIE Classes

:

/
£

A
Entire\Model View — ~
-0 omponents =
=20 Pyckages

-3 Fdltarg_L

- Fdlkarg_TELEM
[, Fltargsubsystem
N =R

G- Ft_TELEM

E frsubsystem
& kati_1

- katO_TELEM

- [B, katOSubsystem
- katl I

G- katl_TELEM
E kat15ubsystem
- thm_I

- ttm_TELEM

- [, ttmSubsystem
- vSquared_I

E vaquaredsubsystem
Events

Object Model iagrams

- BE FDL_TARGET OMD
H N
|

Tl

CELFR~ ] [ CELRETI: ” nmmeml

e FIE

R copo_pe sl 1]
|||||||

ECCURETERD
ccccc

clonco_pacn 71

e WHEG @20 8L v0|A

Thrrast i 1

E wSguareds. .. |E wSguareds. .. |E wSguareds. . |E wSguareds... E quuaredSu...I

L e ]

[Mon, 31, Mar 2003 |S:11 PM 2

21 June 2004

L eonard.J.Reder@jpl.nasa.gov




Interferometer Major Components

Beam Transport Optics
(Coude Train)
ERE——

Angle Tracker (KAT)
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Static Class Diagram of
Subsystems Class Hierarchy
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SequencerSubsystem Utility Class
Relationship to RTC Toolkit

RTC CPU Mana).ger Classes ManagedObject
............... (CORBA IDL)
RTC Configuration Class anageaobe
'__ SequencerSubsystem | ' SeEORBAIMerace>>
¢ (CORBA IDL)
: SequencerSubsystem_|
H “"4
v <<CORBAInterface>> ManagedObjectimpl
Collection
Collection ManagedObjectimpl

SequencerSubsystem e

SequencerSubsystem
(Utilities class)
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Harel State Machine-Based Design (Class)

o All state machines inherit this class
SequencerSubsystem (Utilities class)

/ NOMINAL\
SHUTDOWN>

warn
7y _\V

OFF> ‘ WARNING> ‘

: -

INIT>

fauli//—f off

FAULTED> ‘ RE_INIT> }

l Trelnit
halt
::{ STANDBY> ]
halt<

. /
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Fast Delay Line Target Generator
Harel State Machine
RE_INIT state
fdltargSubsystem (State Machine Object) nit. sidereal target
Y / calculation
LL]
I_ / NOMINAL\
g SHUTDOWN> \anm
8:) OFF> ‘ WARNING> ‘
1] on J
E:L fault INIT= / - tm(@%o)
II.I_J '/ | CALC state
Z I('__)‘ FAULTED> ‘ { RE_INIT> %’[ CALC> } updates
- _ Calc sidereal target
x !:g ha& l Trelnlt lzero_fdl
(Ll-i E% ::{ STANDBY> H ZERO_FDL>
x 0 halt<\ /
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Fast Delay Line Target Generator
(fdltargSubsystem) Static Class Diagram

SequencerSubsystem |

(IDL Module)
CORBA Interface

GizmoSubsystem

(RT C C O R BA) SeauencerUilites-Gmos b

Telemetry Supplier
Instances e

21 June 2004
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fditarg |
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—
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-------------- » mBssdineTel mﬁml
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Static Class Diagram of Subsystem
Associations for Visibility Operation

vSquaredSu bsystem

ftSubsystem|;

! CatalogManagerimpl

CatalogUtilities::CatalogManagerim p

vSquaredSubsystem

katSubsystem
(Two Instances)

katSubsystem

fdltargSubsystem

21 June 2004 L eonard.J.Reder@jpl.nasa.gov 16



KECK INTERFEROMETER
PROJECT

JPU

Fringe Tracker UML
(Shows Telemetry Consumers)

SequencerSubsystem®&

SequencerSubsystem

(Utilities class)

Parent |1 TrackModeFilter
ftS b t TrackModeFilter
ubsystem * +Push(const RTC::
+Push(const RTC::
ftSubsystem 1

mCameraGizmo : Camer
MFTGizmo : FringeTrack PUSh
instrumentinit():void LOCkseCSFilter glonsumer
Acquire():void 1 LockSecsFilter asses
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Lessons Learned (1)

1) For CASE tool to be significantly beneficial
requires an overall commitment and
Investment.

a. Consider a process for development and then a tool.

2) Hard to integrate multiple infrastructures!
a. Even harder to integrate them into a CASE tool.
b. lIdeally, on new projects try not to mix infrastructures.
c. Legacy code is inevitable so minimize mixing.

3) “Old programming habits die hard”
[Douglas Schmidt, UCLA Ext. 2002].

a. lItis hard to learn graphical/coding UML methodology of the

CASE tool environment if you have been a line-by-line
coder for years.

21 June 2004 Leonard.J.Reder @jpl.nasa.gov
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Lessons Learned(2)

4) Maintainability of code is vastly improved.

a. C++ code is coupled to a UML graphical model so it is
more understandable.

b. Automatically limits the amount of reverse engineering of
code required later in software lifecycle!

5) Standardized auto-generated code leads to
better infrastructure.

a. Design can be rapidly changed graphically with only a
minimum amount of coding required.

6) Templates were not included with the Rhapsody
case tool so we implemented them externally and
hooked them into the tool. This is a kludge and is
confusing to a new developer. This effectively
defeats rule 4 above.
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Lessons Learned (3)

7) The urge to use many of Rhapsody’s framework
features has sometimes overwhelmed the wiser
Inclination to use more standardized tools such as
the STL (C++ Standard Template Library).

8) Features in atool may look good during a sales
demo, but be careful!

9) When starting, one should evaluate and not guess
at a CASE tool to use; there are lots of choices
today.

10) Version control of UML models can be problematic
even between only a few developers.
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Summary

* Implemented a multi-threaded state machine based, high-level,
control capabillity for the Keck Interferometer

« State-machine classes have been designed to be highly
configurable and flexible while reusing a basic state-machine
Initialization and error handling scheme

* CASE tool approach is superior to hand line-by-line coding
— Improved maintenance over the life-cycle is realized
— Dealing with third party infrastructures outside of the Rhapsody
tool is problematic at first
— After significant effort at integration it becomes easy to graphically
add states and additional software architecture

* Rhapsody is an excellent tool, especially for state machine

design and the problem fits nicely into the infrastructures provided
by I-logix and the JPL developed RTC toolkit

21 June 2004 Leonard.J.Reder @jpl.nasa.gov 21
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|nterferometer Sequencer User Interface

Selected
observation
record

F

I Keck Sequencer vl .x P
File Sequencers Help
Starll Hr Min Sec  Deg Min Sec prRA  pnllec Wmag Kmag BYColor
DICO 02 00 00 +19 43 36,0 0.0 0,0 5,8 5,1 0.4 FOV 0,0 e xxx trg

HICL 08 00 00 +13 43 36.0 0.0 0.0 5.8 5.1 0.4 FOV 0.0 xax xxx trg

HIC2 8 30 00 +13 43 36.0 0.0 0.0 5.8 5.1 0.4 FOV 0.0 xox  =xx trg

HDCZ 9 00 00 +13 43 36,0 0,0 0,0 5.8 5.1 0,4 FOV 0.0 xxx  xxx trg
0 0.0 0,0585104F

o oo
1

HIC4 9 30 00 +19 49 36, O 0,0 xxx wxx trg

Current
observation
& baseline
vector

HICR 10 00 00 +19 43 36,0 0,0 0,0 5,8 5.1 0.4 FOY 0,0 xex  xxx trg
HICE 10 30 00 +19 43 36,0 0,0 0,0 5,8 5.1 0,4 FOY 0,0 xex  xxx trg
HIC7 11 00 00 +19 43 36,0 0,0 0,0 5,8 5.1 0.4 FOV 0,0 xxx  xxx trg
HOCE 11 20 00 +19 43 36,0 0,0 0,0 5,8 5.1 0.4 FOV 0,0 xee  xxx trg

7

Betive Coord: |[Starld| HICO |BA| (,52359877059829882 |Dec| 0.34604051302574234 |WMag| b, 7999999999999998 |Bh

Baseline: N0 BASELINE TELEMETRY RECEIVED

/ﬁseline Comment: # Solution from Mar 01 with Nov 01 bias $Id: KIK2 baseline.v 1.6 2001/11/07 03:16:22 intdev E

Seq[0]-FDLI0]

Target ([12, 213401049561 Target 1|2, 7815959501385 LOLOPD |-50

Optional

State Machine
Control

Panel

| Halt Relnit |

Off

W Simulate is ON 1 State History - Current State: |DELAY Previous State: [DELAY sparate Wi

Target Mode: @ Symuetric - FDL1 Centered - Test -~ FDL1 Optimized ‘Offset 0.0 Test Rate |0, 0

Calc | Zero

-
p ul

AL AT P dnee o AT AL AT T DA T e

=

!

Delay Line observing
Sidereal controls

Targets
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